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Primary Sjögren's syndrome (SS) characterized by dry eyes and mouth is one of the most common systemic autoimmune diseases with an annual incidence of 3.9 per 100,000 in population [1] . Additionally, SS has a female-to-male sex bias that ranges from 20:1 to 9:1 [2] .
Researchers speculate the contributing factor for the observed sexual dimorphism in the pathogenesis of SS can be attributed to the obvious difference in male and female sex steroids.
Whether sex hormones plays a major role in causation, severity, or sex bias of the disease is unknown. There are little data concerning sex steroid levels found in patients with Sjögren's syndrome [3] but women are often peri-or post-menopausal during the onset of the disease.
Sex Bias in Autoimmunity.
While anatomy, lifestyle, genetics, sex hormones, among others, have all been suggested as possible culprits, no definite pathological mechanism accounts for the sex bias of Sjögren's syndrome. We suggest an alternate theory: the number of X chromosomes, and not the phenotypic sex, increases the likelihood of developing Sjögren's syndrome.
We have previously shown that men with Klinefelter's syndrome, infertile men characterized genetically by a 47,XXY complement of chromosomes, are overrepresented among men with the SLE [4, 5] . SLE, like SS, has a sex bias, where women are 10 times more like to develop this systemic autoimmune disorder. Despite the worldwide estimated 1 and 500 live births of male
infants with KS, only approximately one-fourth of the men are actually diagnosed [6] . Here we show that Klinefelter's syndrome men are also found in excess among men with Sjögren's syndrome, with 15-fold increase over the incidence seen in population, and a 38-fold increase when compared to a healthy control group. Additionally, when comparing Sjögren's syndrome to another autoimmune disorder, rheumatoid arthritis (RA), which has a smaller female to male sex-bias of 3:1 to 6:1, we found no excess Klinefelter's syndrome in RA.
Methods

Patients.
Sjögren's syndrome patients and the controls studied herein were collected by the Sjögren's Syndrome Genetic Network (SGENE) collaboration [7] , which is organized through the Sjögren's Syndrome Criteria [8, 10] . The OMRF IRB approved the study and all subjects provided written informed consent. Rheumatoid arthritis patients, mostly from South America and of Hispanic ethnicity, were collected and characterized as previously described [11] . All patients met recognized criteria for rheumatoid arthritis [10, 12] . Similar to the Sjögren's syndrome SGENE collaboration, human research approval and written informed consent were conducted at the site of recruitment of the subject.
Single Nucleotide Polymorphism (SNP) Genotyping.
Subjects underwent either genotyping using the Omni-Quad array (Illumina) or a custom genotyping platform designed by a consortium (Immunochip, Illumina), which contained approximately 200,000 SNPs. Quality control protocol was as we have previously described [4, 7] .
Determination of 46,XY and 47,XXY.
Using Illumina Genome Studio we examined raw fluorescence data from single nucleotide polymorphisms (SNPs) on the X chromosome, we determined the presence of either one or two X chromosomes in samples from men as previously described for SLE [4] . We have previously confirmed using karyotype and fluorescent in situ hybridization (FISH) that this method using 
Statistics.
We used the Fisher's Exact Test to assess differences in 47,XXY carriage between Sjögren's syndrome men, control men as well as men with rheumatoid arthritis. We calculated odds ratios from these results. We used 95% binomial confidence intervals to compare the incidence of 47,XXY among the Sjögren's syndrome men to the known incidence in the population ( (Tables 2 and 3 ). The comparison men numbered 32 and were seen and characterized in the OMRF Sjögren's Research Clinic, while the women were also seen and evaluated in this same venue [9] . Of interest, all 4 of the Klinefelter men with Sjögren's had a focus score greater than 1.0 on pathological examination of minor salivary gland biopsy specimens, and all 4 had anti-Ro present in their serum. But, these findings were common among both the 46,XY men and the women (Table 1) . When examining extraglandular manifestions, we noted that 3 or 4
Klinefelter men had interstitial lung disease, while none of the 32 men with normal sex chromosomes had lung disease. This difference showed a statistical trend (Fisher exact test p value = 0.11, uncorrected for multiple comparisons), but the small number of 47,XXY men precludes definitive statistical conclusions. Three 47,XXY men with Sjögren's had elevated IgG, but above normal serum levels of IgG has been reported as a feature of Klinefelter's syndrome [16] and is associated with the presence of anti-Ro. observed in other autoimmune diseases, such as SLE, Hashimoto's thyroiditis, and primary biliary cirrhosis [17] . Although numerous theories have been suggested there has yet to be a clear understanding as to why women are overrepresented in almost all autoimmune diseases.
We propose that having two or more X-chromosomes increases susceptibility to pSS. are increased in numbers compared to healthy controls [18] . Taken together these data suggest a chromosome dosage effect in these two sex-bias autoimmune disorders; namely, Sjögren's syndrome and systemic lupus erythematosus.
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Other Autoimmune Diseases.
We have not found an X chromosome effect for men with RA, nor have we found excess 47,XXX among women with either RA or primary biliary cirrhosis [18] . In addition, Turner's syndrome women (45,XO) are at increased risk for type 1 diabetes, autoimmune thyroid disease, and celiac disease, but not SLE [19] . Also, other X chromosome abnormalities such as acquired X monosomy are found in patients with autoimmune diseases such as primary biliary cirrhosis, autoimmune thyroid disease, and systemic sclerosis [20] [21] [22] , but not in SLE [23] . Therefore, there may be multiple mechanisms, including more than one involving the X chromosome, that lead to strong female bias in autoimmune disease.
Possible Mechanisms.
Of course, sex hormones differ between men and women, and Klinefelter men have abnormalities in both estrogens and androgens compared to normal men. Thus, difference in sex hormones induced by the presence of two X chromosomes may underlie the X chromosome dose effect. However, 47,XXX women have normal sex hormone levels when compared to 46,XX women, but are found in excess among women with either SLE or Sjögren's syndrome [18] . We propose that these data argue against a sex hormone effect. In order to equalize the phenotypic expression between females and males, one female X chromosome genes randomly undergoes X-inactivation so that human XY male and the XX female genes are equally expressed.
However, genes that escape that X-inactivation, which may be up to 15% of X genes in humans [24] , may increase the gene dose, thus possibly predisposing women (46,XX or 47,XXX) or men with more than one X chromosome (47,XXY) to differential expression of these genes. X chromosome microRNAs may also escape X inactivation [25] . We hypothesize that genes escaping X inactivation underlie the X chromosome dose effect we have demonstrated for both Sjögren's syndrome and SLE.
Conclusions.
We have shown that 47,XXY is found in excess among men with Sjögren's syndrome. This excess is similar to that found in men with systemic lupus erythematosus. In addition, 47,XXX is increased among women with these same illnesses. We contend these findings for uncommon X chromosome aneuploidies inform greatly about the marked over-representation of normal (that is 46,XX) women compared to normal (that is 46,XY) men in these diseases, and indicate that an X chromosome dose effect is in part responsible for the observed sex bias. [4, 5] . One of these 8 men has 46XX [5, 26] . * Focus of KS1 was 4.0, KS was 5.0, KS was 6.0, while the average focus score of the normal men was 3.42. __________________________________________________________________________ ANA = antinuclear antibody, RF=rheumatoid factor, ND=not done or unknown 1 = All 3 positive have interstitial lung disease 2 = This patient has both leukopenia and lymphopenia * No patient had interstitial lung disease but 11 men and 9 had chronic cough. Comparing interstitial lung disease among the 47,XXY men and 46,XY men shows a statistical trend (p=0.11 by Fisher's exact test) † 1 each with isolated leukopenia or thrombocytopenia, 3 with isolated lymphopenia, 1 with combined lymphopenia and thrombocytopenia, 1 with combined leukopenia and lymphopenia ‡ Peripheral neuropathy was defined as decreased vibratory, pin prick, and light touch, as we have previously reported [27] . No patient was evaluated by electromyography or nerve conduction studies. 
